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• The Pitot- static tube to be developed was intended to satisfy 
the following conditions: The pressure-velocity constant of the 
; instrujaent was to be as near unity as possible, bo that it could be 
used to determine both velocity and static pressure. iThe instru- 
aeft * ^8 to be as little sensitive as possible to obliquity to the 
di reotion of flow, in order to* give reliable measurements, even 
when the direction of flow is not known. The indications of the 
inatrunftnt were, moreover, to be as independent as possible of the 
-fcjaojpej or less turbulent nature of the flow. Lastly, the geometric 
shape of the instrument *va s to be easily and accurately reproduci- 
ble, |8p : ;that it would not be necessary to calibrate each individual! 
1 i^s trutiepat * Moreover, it should be able to stand rough handling, | 

. ift order to assure a uniform pressure-velocity constant and relia- 
- ble Measurements. 

v As to hov; successfully these requirements have been fulfilled, 
^gthe folloy/ing pages will show. Not all the experiments, which have 
ppontrlb^ted to the solving of the individual problems, trill be de- i 
inscribed. Only for the ultimately established form, the Phot- 
ostatic tube of Prandtl, vrill it be shown as to hot? far the above 
stipulations have been met and brief descriptions will be given of ^ 
only such intermediate experiments as are of practical importance. 
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with a manometer placed in the direction of the wind) , the quantity 
of fluid was neighed and allowance made for even slight variations 
of the conversion ratio above the vertical height. 

The special devices employed for the turbulence and whirling- 
arm experiments, including the method of calibration, are described 



farther on. 



III. - THEORY OF PITOT- STATIC TUBES* 



Velocity measurements with Pi tot- static tubes consist in find- 
ing the difference between the pressure on the nose and on the J 
smooth lateral walls of an immersed solid of revo^fl^t Mose a*S|j 
is parallel to the direction of flow. The pressure on the nose is! 
the resultant of the dynamic pressure (q = *V v 2 /3g) and static 
pressure. The pressure on the lateral portion of the surface is 1 
the sum of the static pressure and of a negative pressure cq pro- 
portional to the dynamic pressure- The difference of these two 
pressures is independent of the magnitude of the static pressure 
and is therefore proportional to the dynamic pressure. It is 

Pi =(l + c)q = Bq 
in which 8 is the pressure-velocity constant of the pitot-static | 
tube. Both c and B depend on the location of the measuring j 
point on the lateral surface of the cylinder (Blasius, «Ueber ver-j 
schiedene Formen pitotscher Rohren,« Zentralblatt der Bauverwalt- j 
ung, 1909)* The pressure distribution on a revolution solid can bj 
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ealsalated in certain cases according to the principles of hydrody- 
namics (potential notion). The simplest case for this purpose is 
Stoat of the conoid created by the superposition of a parallel flow 
: — and the f lor: from a concentrated source (Fig- 8).. The surface (or 
curve b in the f ig^tre) separates the outer and inner flow. It is 
identical with the meridian of the conoid. The curve a shor/s the 
^jnre^&em distribution on this conoid. The static pressure is as- 
sumed to be zero and the pressure p is given in fractions of the 
dynamic pressure of the florr at infinity q 0 = 7 v 0 2 /2g. At the tip 
nose, rhere the velocity is zero (center of dynamic pressure 
~ ~^br separation point), there is the full dynamic pressure. Laterally 
from IJ^Ls point, the pressure falls rapidly, passes through zero, 
reaches its minimum value (r&ich, on the conoid, is l/5 of the dy- 
namic pressure) and asymptotically approaches the pressure of the 
undisturbed flow. At a distance of cbout 3d from the center of 
the nose (d - the thickness of the conoid at infinity) the negative 
pressure on the rell of the conoid is 2fb of the dynamic precsure. 
---J-n reality, it is never a question of strict potential notions. 
The flo-/ itself is mostly turbulent end is rade no re turbulent by 
the introduction of the Pitot tube, but the con-routed and actual 
pressure distributions have been found to agree very v/ell for the 
: ^portion of the conoid involved in the experiment under consideration* 
tSt(G* Fuhrmann^ "Theoretische und experimentelle Untersuchungen an 
ziiBallonmodellen,* Jahrbuch der Slotorluf tschiff-studiengesellschaft, 
=gl911-1913.) The deviations first become noticeable at the rear end 
Wbf the conoids 
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pressure** The error in the dynamic pressure at 20° is -2$ and at 
30° It Is about 1£»5$ of the reading in the zero position. 

The behav ior of the rear perforations in the oblique flow is 
likewise very favorable. The deviations in the static pressure 
are, for small inclinations, somewhat greater than those tof - the dy- 
namic, pressure, but smaller than the corresponding errors obtained 
with most of the instruments yet to be described. The pressure- 
velocity constant of the Pitot- static tube is 1.013, i.e. practical- 
ly i- ir ; ' 

2. Ne* form .- In spite of its very favorable characteristics, 
this form was subsequently abandoned, chiefly because of the diffi- 
culty of accurately reproducing the shape of the nose. It was re- 
placed by the Pitot-static tube shown in Figs. 12-14. To the cyl- 
indrical portion there was joined, instead of the semi- ell ipso id, 
a hemispherical nose of diameter d. The other dimensions are based 
on this quantity d, in so far as they affect the manner of func- 
tloning of the instrument. The nose has a cylindrical passage. of 
diameter, b = ~ 0.3 d and a depth of at least 3 d. The best bore 
was determined by experiment. Figs. 15-16 show the effect of three 
different bores on the dynamic and static pressure. For bores 
smaller than 0.3 d the dynamic pressure in an oblique position falls 
more rapidly, but for greater bores it shows a depression whereby j 
* This ratio is obtained by th e bino mial development of the expres- - 
sion J 1 + x, which gives /TTx = 1 + 3 + £ + 
If the series is broken off after the linear term in x, the ratio, 
utilized is obtained. i 
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stance bet«on the slot ul spindle should he 8 to 10 A i» «** 
5 .epil^tho ^lctooss of the spindle. A lees dieta^e «Ws ^ 
tW .vessuxe distribution on the slot asymmetrical end increases . .,, 
the px 8 «»eSe«uxed in the middle ,f It. The spindle' is pressed ^ 
flat, in o** to diminish as much as Possible the disturbance ^ 

lso4 „ y it. How' fax fox««d the effect of the spindle extends, 
can be easily deter... ncd fox a cylindrical conoid, by calculating 
the loss in velocity on the axis as far as the center of dynamic 
pr-ssuie (T- 0 wM tnerefrom the pressure increase accord- 

ing to the equation of Bernoulli. Fig. 17 gives the pressure for ; 
a laterally infinite conoid ( - even problem" ) , hence for a Pitot- ;| 
static tuhe with double spirals- With a one-sided spindle we can , 
Mlc e the mean pressure increase at the slot only half as great. 
The distance of 8-10 5 applies to a one-sided spiels- 
, jr e increase at the distance cf 10 6 • is about 3* of the dynaml.g 
pressure. This increase serves to. offset the negative pressure 
at the sict. If there is another spindle, as is often the case 

instruments for very large pipes, then, with otherwise li*^ 
cimeneions of the conoid, the distance between slot and spindle ■ 
rras t he 18 to 20 5, if the coefficient of the Pitot-etatic Wbe - 
is to remain 1. In the latter case, hewevex, we can move the , 
.lot nearer to the nose, in order to. ^ increasing the length ^ 
Qt the conoid, in this case the distance between the two «rt he 

about 1.7 d. , 

. . ^ _ f the pitot- static tube, only that 
Of the inner mechanism of tne fiw- » 
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portion is important, which receives the pressure of the slot. 
When the instrument is inclined to the direction of flow, there Is 
no continuous equilibrium inside, but the air flows through the : 
slot* in order that no chance intermediate value may be measured 
in this flow, the slot first opens internally into a chatrtoer, in 
which the pressure can reach a state of equilibrium. The tubes for 
transmitting the slot pressure terminate in this chamber. It is f : ^ 
very important for the correct functioning of the slot, that Itm 
edges shall be accurately shaped. Careful attention must be given 
this matter in making the instrument. 

Figs. 18-19 show the behavior of the Pitot tube in the inclined 
position* For the above- ire ntioned reason, the instrument me 
turned about both its spindle axis and its transverse axis. The 
indications of the Pitot- static tube, in the measurement of the 
pressure difference, were affected on the one hand by the behavior 
of the bore in the nose and, on the other hand, by the slot. Both 
Trere tested separately and had to be so shaped as to make the pres- 
sure changes equal for as large an angle as possible, in order 
for the difference measurement within this angle to give constant 



The pres&ure data of the nose are given only for the trans- 
verse turning. Like curves are obtained by turning about the spix*- 
dle. The resultant pressure fal'ls vrith increasing obliquity* This 
is easily explained. The center of dynamic pressure lies in the ■ 
zero position, i.e., the position of maximum pressure at 1&e apex - 
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of the *|fcvw.juo& hence in the orifice. On turning the nose, it 
is shifted laterally near the orifice, while the latter is itself 
ahif ted into a region of lower pressure (Compare "Drubkyerlauf urn 
else Bagel" by 0. Krell, Jr. , in "Ueber iKessung von dynamischem 
UT^S st^tiSQhem Druek bewegter Luft," Munich, 1904, p. 41). 

In the oblique position, the slot likewise shows a pressure de- 
crease (increase of negative pressure). This is not so easily ex- 
plained as in the case of the nose. It comes from the coined aog| 
tion of different causes. If the slot is far enough back of the |j 
nose (whose shape is immaterial for this discussion), the pressure^ 
in the axial position, is then approximately static on the whole jj 
circumference of the slot. If, however, the Pi tot- static tube is |j 
oblique to the direction of flow, the pressure distribution on the | 
! slot becomes uneven. On the side toward the flow there is positive 
pressure and on the back side negative pressure or diminished posi- 
tive pressure and in the intervening regions, in part, greater negjj 
ative pressure. This pressure distribution produces a turbulent | 
flow about and through the slot and it is obvious that the result- | 
ing slot pressure, measured by the manometer, is smaller than the | 
static pressure. The above-mentioned chamber was provided for the 
purpose of equalizing the pressure between the different positions^ 

of the slot. i| 
Pigg. 18-19 show the deviations in detail. The velocity is | 
correctly given up to 15° inclination. At 20° the error in the ve- 
: locity calculated from the dynamic pressure amounts to a mean of | 
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-1.9#; at 30°, -10.5$ of the axial velocity. The deviations in 
static pressure are greater. The tube gives accurate results only 
in the zero position or within a few degrees of it. It is ft^jfcjai|L 
ticed, first of all, that, in the inclined position, the tube gives 
too small a pressure, hence too great a negative pressure in the ; j 
case considered. At 10° the error in the static pressure is -1.8ft; 
at 30°, -8$; and at 30°, -16$ of the axial dynamic pressure. Thas* 
errors in the pressure readings of the slot are somewhat smaller^ i 
if the edges of the slot are rounded off. Figs. 20-31 give -fie j | T] 
curves of dynamic and static pressure of a Pitot-static tube,; f nfljjlj 
with square and then with rounded edges, the rounding radius Jbe$44 
about 0.5 mm. The difference is here particularly noticeable, 3ia< 
the instrument with a square-edged slot, for reasons not accurately 
determined, shows a greater sensitiveness o£ the slot to direction, 
than the instrument with which Figs. 18-19 were obtained. The di- 
minished direction sensitivity of -the slot with the rounded edges 
affects the difference measurement unfavorably. The following tab1 
compares the two instruments. 



Slot edges square 
Slot edges round 



Table I. J 

Error in € of dynamic pressure 
Dynamic pressure * Static pressure 

20° | 30° 10° | 30° | 30° j 

-2.8 -15 -3.3 -11.3 -23.4 

-4.4 -25 -0.7 - 6.3 -11.7 



-4.4 



— — ■ — TiR JZJ 

The effect of the one-sided spindle made itself felt in a pra 
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tidily insignificant dissy^imetry of the pressure curves obtained 
by Insming about the transverse axis. The .errors given for direo- 

^tion deviations axe mean values from the data for turning about the 

^spindle and transverse axis. 




S» Special forms of Prandtl's Pitot-statictube. 



a) Dust instrument*- Special forms of the pi tot- static tube 
were made for special purposes, 77hieh differed from the normal 
form chiefly on the inside. For experiments with air currents con- 
taining dust, an enlargement of the norrral form (d = 12 mm) v/as 
utillzable* Practical experiments showed it to be expedient to 
* close the front opening loosely vith cotton r ool , which did not 
hijiyier the pressure transmission, in order to prevent the soiling 
of the inside of the tube. On the rear end, there was a screw plug 
to facilitate the cleaning of the inside* 

. ■ \y) Mine instrumen t For measurements in moist and very impure 
aiT, e.g*, in mines, an instrument is used with greatly increased 
dimensions, d = 55 mm diameter (Figs* 22-24). The front orifice 
; opens into a chamber vxhere the condensed r/ater and foreign bodies 
can be deposited- The pressure- transmission pipe is inclined, in 
order to facilitate the exit of the condensed moisture. For this 
purpose, the support a rests, during the experiment, on a rnter 
feseal. The slot does not go clear around, but there are, for struc- 
^tdrfail reasons, four interruptions left in the circumference of the 
^^utsade pipe* For transmitting 12ie pressure, pipes or hose connec- 
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tions can be screwed into the coupling boxes b. Otherwise, the 
dimensions of the instrument correspond to the proportions of the 
normal form. Fig. 25 shore the direction sensitivity for the pres- 
sure difference and slot-pressure measurement. Contrary to the 
normal form, this irstrument, in the inclined position, first shows 
a slight increase in the dynamic pressure, up to 2?* error, which is 
apparently connected with the greatly enlarged dimensions- It 
seems probable that (due to the la- of similitude for viscous flu- 
ids) the small instruments tested at very nigh velocities will showy 
similar deviations. 

c) Component instr ument • - I* occasionally be desired to 
measure the components of the flow velocity in a given direction. 
Such, for example, is the case', rrhen it is desired to determine 
the quantity of air flowing through a cross-section in an oblique 
direction, without knowing the angle of inclination a between the 
flow-direction and the perpendicular to the cross- section. The ve- 
locity component in question is v cos a. In order to determine 
this value, we need a Pitot-static tube, rhich, placed obliquely 
at the angle a, will give the value |~ cos s a as the pressure 
difference. It will probably be difficult to make an instrument 
?hich rill meet this requirement for any desired angle. 7/ithin a 
comparatively small angular range, the component measurement can 
be made with a normal pi tot-static tube, having a nose orifice of 
about 0.1 d. Fig. 26 gives the deviations in the pressure data, 
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actions of the American Society of Mechanical Engineers, 1904; -— -~ - 
Taylor, "A form of Pitot Tube for measuring air velocities, * Eng- 
lish News, 1903). It consists of two concentric cylindrical tubes 7 
with the same axis and a cone for the transition from the inner to 
the outer tube. The inner tube project s a distance equeX "to "-it* i = 
own diameter beyond the outer tube (Figs. 27-29). The static pres- 
sure is measured through four perforations in the outer tube. Tne^ 
tube we used had an outside diameter of 7 ma. : : : : ; 

Figs. 30-31 show the effect of inclining the tube to the d3H || 
rection of flow on the pressure readings for revolution about the g| 
spindle and transverse axes. The nose shows the known pressure g 

• : e s se 

distribution of a tube cut off square. The resultant pressure re*jj 
mains constant up to about 15°, so long es the center of dynamic jj 
pressure lies in the orifice. 7/ith greater inclinations, the suc- 
tion effect of the air flowing by the orifice creates a noticea- S 
ble diminution in the pressure. With the inclination of the tubeg 
the static pressure falls quite rapidly from the start. Conse- 
quently, the dynamic pressure measurement s give too high values ; kf 
(up to about 10$ of the axial dynamic pressure) , < so long as the 'g 
resultant pressure remains constant. The error in the dynamic _ 
pressure is zero, Hi ere the resultant and the static pressure show; 
the same deviation as a result of the obliquity (about 40°). The g 
effect of the spindle produces a slight dissymmetry in the distri-| 
but ion of the static pressure and consequently also of the dynamic^ 
pressure. The pressure-velocity constant of the instrument is | 
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1*001, i*e., practically 1. Hence, the instrument correctly indi- 
cates the static pressure in the sero position- 

There are also several special forms of the Brabbee Pitot- 
static tube-* A tube of d « 13 mm diameter, vfcich has six slots 

^ - 1 x 3 mm, instead of the four holes,* shOT/s about the sane sensi- 
tivity to inclination. The some holds true for another tube, 
*hich serves only for measuring static pressure* The inner tube 
is cut off at the front end of the cone and closed at its base. 
The external pressure is relieved by tvjo ro?/s of four slots 
0*5 x lO mm, which in the longitudinal direction are about 10 mm 

" apart and transversely 45° apart. 

§ 3* Roaenmuller's Pitot-static tube .- This instrument closely 
L resembles the new form of Prandtl's Pi tot- static tube. It likewise 
has a hemispherical nose (Figs- 32-54). The principal dimensions, 
^ abased on the diameter d of the nose, are: nose bore, b = 0.245d; 

distance of slot from tip of nose, 2.8 d; ??idth of slot, 0.1 d; 
| distance of spindle behind slot, 8.4 6(6 ^ thickness of spindle). 
The front edge of the slot is rounded. The slot is covered on the 
spindle side for a ^vidth of about 0.5 d, in order to prevent any 
reaction of the spindle on the pressure readings of the slot. The 
rear end of the instrument forms a cone, in order to avoid too 
great turbulence behind it. This cone has no effect on the pres- 
- sure readings of the Pi tot-static tube, its introduction into the 

^gg olpes is difficult and requires comparatively large openings* 

^> ("Erlanterungsbericht zu den Regeln fur Lei stun gsversuche an Venti- 
^gg|latoren und Kompressoren 1 ' V.D.I. , 1912, p, 1834, Fig. 15.) 
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the direction of flow, is adaoted for T>easurin<? static pressure^ ^ 
Fieri 41 shows the experimental arrangement in the old *1p* tunnel J 
of the Oottingen laboratory. A Prandtl Pi tot- static tube of nonftpal 
form served for comparison. Both instruments were in a recrion of 22 
uniform velocity and were located only far enough apart, so they : H 
could not disturb each other. The baffle plate was first placed _ : 
parallel to the direction of flow, i.e., so that both perforations | 
showed the same pressure. Then this pressure was compared with M || 
that of the Pi tot- static tube and finally the flow velocity was 
measured with the latter. Due to tho suction effect of the air | 
flowing by, both baffle plates showed negative pressure, i^or th6 7| 
baffle plate with rounded edges, the suction effect was about 111& j 
of the velocity. For the square-edged baffle plate, the suction 
effect fell from about 54 to 23^ (Fig. 42 and Table III). Similar! 
results were obtained with other baffle plates, such as lene-shap6d 
plates, flattened lenses or rounded disks with more or less de- 
pressed middle portion. It is not necessary to go into further 
details concerning baffle plates, since Pitot-statio tubes, $>n ac- 
count of their greater convenience and reliability,' are now genera- 
ally preferred. 
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Table III. 



Pressure measurements with obliquely placed baffle plates. 
I Baffle plates with round edges. 




Dynamic 

^pressure 
q 

mm water 

0.95 
- 1.33 

y- 1.72 

2.13 
= 2.56 
. 2.96 
3.36 " 
3.78 I 
4.24 
4.67 

5.14, ' 
5.59 



Dynamic 
pressure 
q 

m water 



Velocity 



3.85 
4.61 
5.25 
5.84 
6.40 
6.38 
7.33 
7.78 
8.24 
8.65 
9.08 
9. '46 



Pressure difference 
split disk 



mm water 


$ of q 


0.13 


14.0 


0.15 


11.3 


0.20 


11.6 


0.24 


11.3 


0.29 


11.3 


0.33 


11.2 


0.37 


11.0 


0.45 


11.8 


0.49 


11.5 


0.50 


10.7 


0.57 


11.1 


0.60 


10.7 




Baffle plates with square edges- 
Velocity t Pr 



Pressure difference 
split disk 

mm water J 4 of q 
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VI. - EFTECT OF DEGREE OF TUR3ULENCE OF AIR STREAM 



ON READINGS OF PITOT-STATIC TUBES- 



The Report of the Testing Laboratory for Heating and Ventilat- 
ing Devices (Bericht dor Pr&fungsanstalt fur Heizungs- und Luftung*- 
scinrichtungen) already referred to, first calls attention to th# 
defend once of the indications of a baffle plate on tho nature of : 5; 
the air flow. Any accurate and hence quantitative detera&natipas 
the velocity is impossible with this instrument. Therefore 1* mjs 1 
required of the new Pitot-static tube that its readings should lorn | 
affected in the least possible degree by the turbulence of the «^jp«f 
In this connection, the term "turbulent" will not be employed lin HI 
the usual sense of opposition to "laminar," since, in the 'technic- ;- 
ally occurring air motions, we would probably never have to do ; If 
with laminar currents, i.e., with currents below the critical vie-i F| 
locity. Tho term turbulent is here intended to apply to a current 
containing strong eddies and consequently of varying direction* ! 1 

The effect of the turbulent nature of the flow; on the readings; 
of the Pitot-static tube can be most readily determined try measur- 
ing the dynamic pressure at different points in the tunnel both in 
a smooth and in a turbulent current and comparing the results. 
This comparison is rendered difficult by the fact that individual 
measurements are not accurate in very turbulent currents. The fol~f^ 
lowing method, though slower, is more accurate. The quantity of 
air drawn in is determined by velocity measurements throughout j 
the cross- section in a smooth current (i.e., directly behind the || 
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entrance cone) and then in a very turbulent current. The unrelia- 
bleness of any single measurement still persists, but the mean of 
several measurements is accurate enough to enable a reliable com- 
parison, as will be further demonstrated,. Special disks (Figs. 
43_44) were employed in the entrance pipe 3.35 m in front of the 
test point for creating especially turbulent currents. 

If q 0 - P 0 9 denotes the measured pressure difference 

in a smooth current; B c , the pressure velocity constant of the 

*> v 3 

Pitot-static tube in a smooth current; q, « P, — the meas " 
ured pressure difference in a turbulent current; 8, , the pres- 
f sure-velocity constant of the Pitot-static tube in a turbulent 
current; and. R, the radius of the conducting pipe, then the 
quantity of air flowing through the pipe in a smooth current is 



q=2tt / v rdr or, since v n 



3g q 0 



For the same quantity of air in a turbulent current, 



Q = tt /^r / Jju d(r a ) and, hence, 



e / yq. d(r 3 ) 

^ t _ o 2 

ft " r r r~ 

/ Jq d(r 2 ) 
o o 
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and hence the ratio of the pressure-velocity constants is 





f\r% d(r 8 ) «M 

fi = S - """^ 

If q is already the mean dynamic pressure on the surface of 
the ring (of diameter r) and if we place the mean value of q y Lgg 
over B.3», then the surface (called the " volume- surf a^e* 
the expression / J~q d r 3 is proportional to the quantity of air - 
delivered. For the most accurate possible determination of the f 
mean value of the dynamio pressure on the ring sudfacjefy iFij*ft||j 
static tube to be tested was mounted in a rotatable section D • S 
(Figs. 1, 45 and 46). The Pitot-static tube can be shifted in the j 
radial direction in the rotatable section. The latter forms an ; J 
integral portion of the intake pipe, runs into two rings R ~. 
screwed to a frame and can be turned about the axis of the rings. 3| 
The rotary motion of the section is transmitted by a string to tfe^| 
drum -of the recording mechanism of a micromanometer (Prandtl, V.D-1§ 
1909, p. 1716, Fig. 11). The power transmission between the rt>tat>« 
able section and the recording drum is so adjusted, that one revo- .. 
lution of the section causes one revolution of the drum. Thus the^; 
deflection of the manometer is recorded on the unwound circular 
path of the Pitot-static tube. Fig. 47 shows a diagram obtained yU 
in this manner, of which each Pitot-static tube gave nine sped- | 
mens, corresponding to the three flow conditions and the three . fj 
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Without 
turbulei 
disk. 
Volume 
surface 



363.4 
395.1 



175.6 
363-4 
394.5 



Tabic IV. 



Prandtl's Pitot-Static Tube. 



Mean i> 
increase 
in 

coefficient 
due to 
turbulence 




With turbulence disk I 


Volume 


Ratio of 


surface 


coefficients 




<v 


% 




cm 2 




178.6 


1.034 


369.5 


1.046 


403.6 


1 . 044 




1 . 041 


178.7 


1.033 


369.7 


1.043 


404.7 


1.051 i 




1.039 


176.8 


1.014 


367.1 


1.038 


400.7 


1.038 




1.033 


169.4 


1.040 


370.8 


1.059 


377.9 


1.059 




1.053 




Without 
turbulence 

disk. 
Volume 
surface 

cm s . 



175.6 
263.4 
395.1 




166.0 
263.2 
367.0 



With turbulence dislc II 


Mean # 
increase 

» iii, 
coefficient 

due to 
turbulence 


Volume 
surface 

\ 

cnP 


Ratio of 
coefficients 

h - 


178.5 
268.5 
402.4 


1.033 
1.040 
1.041 
1.038 


4.0 


177.9 
270.8 
402.1 


1.014 
1.053 
1.036 
1.038 


3.9 


177.6 
268.3 
403.4 


1.022 
1.038 
1.046 
1.039 


3.1 


169.6 
270.7 
376.2 


1.044 
1.057 
1.051 


5.2 




1.051 
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racy of the measurements for finding or verifying the pressure- 
velocity constant was not great enough. The Pi tot- static tubes 
all showed an increase in their pressure-velocity constant in a 
very turbulent air stream, their mean values being : T 



for Prandtl 1 s 



Pitot-static tube with normal boxe, 



wide 



narrow 



* rounded slot 5-2* E 



* Brabbee* s 



11 Rosenrnflller^ 11 



t! the baffle plate with round edges 



square 



6*7" 
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Table V. 



Brabbee's Pitot-Stetic Tube 



With turbulence disk I With turbulence disk II 



Volume Ratio of Volume Ratio of \ 

surface coefficients , surface coefficients , 



180.0 
371.0 
377.2 



179.0 
271.9 
378.5 



Mean % 

in- 
crease 

in 
coeffi- 
cient 
due to 
turbu- 
lence 



1.053 



210.7 
323.2 
445.0 



211.7 

326.3 
444.3 



180.8 


1.057 


179.8 


1.044 


270.3 


, 1.038 


270.7 


1.042 


375.9 


1.023 


379.8 


1.046 




1.039 




1.044 



Baffle Plate with Round Edges 



1 i 

323.1 


1.118 


223.5 




1.124 




334.4 


1.069 


339.8 




1.120 


10.6 


469.5 


1.100 


467.4 




1.104 




1.096 






1.116 




Baffle Plate with Square Edges 


219.2 


1.073 


219.0 




1.070 




336.7 


1.064 


335.7 




1.060 


6.7 


459.8 


1.072 


457.1 




1.060 






1.070 






1.063 





This phenomenon may be explained as follows. The turbulence 
effect is the resultant of the reactions on both test points of 
the Pitot-static tube. At the front opening the turbulence causes 
a decrease in the measured pressure, as compared with the true dy- 
Inaraie pressure, since the turbulent air in the middle flows ob- 
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In Table V, the pre seure-velo city constants computed for the 
haffle plates are too favorable. It was found that, even in the 
undisturbed flow, the effect of the turbulence due to the fric- 
tion of the walls becomes noticeable in the boundary layer by the 
higher readings of the baffle relate and that the volume surfaces 
for this flow are accordingly too lar^c If, in Table VI, wc com- 
pare the volume surfaces of the baffle plates for the undisturbed 
flow with the corresponding volume surfaces of Prandtl's Pitot- 
static tube, in which the turbulence effect is relatively small, 
we obtain, for the smooth flow, as the mean coefficient of the 
baffle plates, 1.496 against 1.433 or 1.513 against 1.448 of the 
. whirling-arm calibration. If wc now compare the mean dynamic 

pressure of the Pitot-static tube and the round-edged baffle plate 
for the individual rings (Tables VII-IX) , the effect of the turbu- 
lent marginal layer is noticeable. For the undisturbed flow, it 
reaches to about r = 130 mm. With exclusion w -f the marginal 
values, the mean pressure-velocity constant of the round-edged 
baffle plate is 1.439, which agrees very well rrith the mean cali- 
bration value 1.433 of the whirling-arm experiments. The eleva- 
tion of the pressure-velocity constant in the marginal layer, is, 
however, not due alone to the turbulent condition of the air, but j 
also to the proximity of the wall, which similarly affects the 

— 

pressure readings of the baffle plate. This is due to the fact 
th** the pressure-velocity constants for the radii r - 130-140 
in Table VII are considerably greater than what would correspond I 
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to the turbulence effect according to Tables VIII and IX for the 
turbulent flow and also to the fact that, for the turbulent flow, 
the pressuro-velocity constants for both these radii likewise far 
exceed the mean value for the control portion of the stream 
(r = 120 - 0)« In order to separate the effect of the turbulence 
from that of the wall, wc would have to improve the volume curves 
for the marginal layer with the aid of the pressure- velocity co»r- 1 
stant for the central portion of the cross- section and thus ob- i? 
tain new volume surfaces. Since, however, the value of the baf- 
fle plates is now very small, we have not made these calculations 



VII,- .WHIRLI NO- ARM CALIBRATIONS. 



The pressure difference p^ measured with the Pitot^st»ti^d 
tube is proportional to the dynamic pressure q of the flow ve- 
locity. The proportionality facftor is therefore P = "where 
q = — — represents the dynamic pressure of the flow. Its deters 
mination, i.e., the calibration of the instrument, was accom- 
plished with the whirling-arm in the manner first described by 
Recknagel ("Ueber Luftwiderstand,' 1 Jknnalen der'Physik und Ohemte, 
Vol. X, 1880). The method consists in causing the instrument to 
niove through the air at a velocity which is calculated from the 
number of revolutions per second and the radius of the circle d€M 
scribed by the instrument on the whirling-ann and in simultaneous! 
ly observing the pressure difference between the nose of the in- 
strument and the slot. In this method, however, there is one die-i 
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tarbing factor, namely, the air swirl created "by the whirling-am ? 
so that the relative velocity v of the Pitot-static tube, on 
which the pressure at its nose depends, is Ices than the speed u 
of the whirling-arm. Recknagel attempted to determine: the veloci- 
ty of the air swirl by comparing the pressure rneasu regents during 
the first revolutions of the apparatus (before the creation of 
any appreciable swirl) with subsequent pressure measurements* No 
groat accuracy could be obtained in this manner, since, even if a 
uniform speed were attained during the first revolution, the in- 
ertia of the microraanomotcr prevented any immediate reading* Ait- 
other much- employed method for determining the swirl velocity 
consisted in mounting a sensitive anemometer near the path of the 
Pitot-static tube (Stack, "Ueber Mitwindbestirrun^en boi Anemom- 
eter-Prufungcn, 11 Armalen dor Hydrographie und maritimcn Mcteorolo- 
gte, 1904, or Technical Exports of the Advisory Committee for 
Aeronautics (British), No. 71, December, 1913). This method, how- 
ever, gives only temporary mean values which may easily be too 
large, on account of the inertia of the anemometer. The following 
method, also invented by Reeknagcl, is more reliable and conveni- 
ent. In addition to the pressure difference p^ between the slot 
and nose, the pressure at the nose is also measured by a second 
manometer, whereby it is assumed that the static pressure is uni- 
form throughout the experiment room, which is the case, excepting 
for the vortex regions behind the whirling arm and the Pitot-static 
tube- The direct measurement of the pressure at the nose is, how- 
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whereby the pressure-velocity constant becomes 



p„ - p 

'■C E 



In the whirling-arm mechanism employed, the vertical shaft is 
driven by an electric motor, through a belt, chain and worm gear. 
The maximum radius, at which the instrument can be fastened, is 
about 3.75 m and the maximum absolute speed, thus attained by the 
smooth running of the whirling-arm, is about 17 m/s. The arm has . 
an elliptical cross-section 40 x 140 mm, in order to penetrate 
the air with as little disturbance as possible and keep the swirl 
velocity as low as possible. The swirl velocity is here 3.5-4$ 
of the absolute speed of the arm. By a special device the instru- 
ment is held about 0.5 m in front of and about 0.35 m above the 
arm, so that there would seem to be no possibility of the readings 
of the instrument being affected by any reaction of the arm. The 
instrument is guyed to the arm with a steel wire of 2 mm diameter, 
so that the radius cannot be affected by the centrifugal force 
during the measurement. The reading of the pressure at the axle 
is made under a water-sealed rotating bell (Fig. 50). 

The calculation of the pressure exerted by the centrifugal 
force requires an accurate determination of the number of revolu- 
tions during the observation period- This is done electrically, 
by making a mark for each revolution on the moving strip of paper 
in a chronograph. The time-marks at one-second intervals are made 
by the main clock of the laboratory. The chronograph is driven by 



N.A.C.A* Technical Memorandum No. 303 



the worm-gear shaft, the paper hand being carried along by fric- . 
tion. The paper band was of such length that about 40 revolutions 
could he recorded* The spaces were of uniform length and fttro*- 
ished the scale for the partial revolutions in a given period of 
time. The uniform length of the spaces between the time-marks 
rendered it possible to test the uniformity of the revolution 
speed. Due to the resistance in the long pipes, the manometer r 3 
for the difference measurements was slow to respond to di sturbanc*a 



in the state of equilibrium of the whirling-arm. In order to ced>-= 
tain an experimental basis for judging its worth, the manometer ; j ? jj 
deflection was observed for a time after the termination of the ' : si] 
chronograph strip and the results of the experiment wore used ' ] Jj 
only when the manometer readings remained constant. nf 
Tho air density was determined from the temperature and baisapis^ 
eter reading. The latter had to be corrected for the vapor ten- ^ 
sion of tho air (Kohlrausch, "Lehrbuch der praktischen Fhysik," : ;p 
Leipzig, 1910, Chapters 13 and 47). Damp air can be up to about - -"- 
Vjo lighter than dry air. The moisture content of the air was deM Jiff 
termined by an Assmaraa aspiration psychomotor. The results **\m 
given in Tables X-XV, but in detail only for iWe i-Shlrec principal ! ! ^ 
types of the Pitot-static tube and the two baffle plates. The 
pressure-velocity constant for all three Pitot-static tubes is ^i.fjgj 
practically 1 and independent of the velocity, which renders them || 
suitable for the direct measurement of the statio pressure. Whore || 
there appears to be a slight decrease in the pressure-velocity |j 
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Pi tot- static tube, as also a round-edged and a square-edged baffle 
plate.- Both tubes Had the same pressure-velocity constant and 
about the same sensitivity to turbulence. The sensitivity of both 
tubes to inclination was greater than for Prandtl' s Pi tot-static 
tube. The pressure-velocity. constant of 1.37 for baffle plates, 
as given by Reetaagel, was found to be too small. It was 1.44 and 
increased about 10* in a very turbulent current or in the vicinity 

of the walls of the pipe. 

All three Pi tot-static tubes are of about equal merit, as re- 
gards their facility of accurate reproduction, their pressure- 
velocity constant and their sensitivity to turbulence. Prandtl's 
tube surpasses both the others in its smaller degree of sensitiv- 
ity in the oblique position. Eosenmuller' s tube, in its present 
form, is not convenient for practical use- 
Baffle plates should be discarded in favor of Pitot-static 
tubes, on account of the variable value of the pressure-velocity 
constant of the former. 
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k = Low velocity 0 = Without turbulence disk, 
m = Medium velocity 1 = With turbulence disk I 
g = High velocity 
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Fig. 48 Brabbee's pitot-static tube. Volume 
measurements with and without turbulence disks, 
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Fig. 49 Rounded baffle plates. Volume measure- 
ments with and without turbulence disks. 



